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Prediction of hypertension in chronic hemodialysis patients. issue in tackling this problem is the confusion regarding
Background. There are no universally accepted criteria for the diagnosis of hypertension in HD patients. Because
the diagnosis of hypertension in hemodialysis (HD) patients. of the variability in blood pressure (BP) values over theWe sought to determine the clinical performance of predialysis
interdialytic interval, studies have been conducted toand postdialysis systolic and diastolic blood pressure values
ascertain the most propitious BP to predict the interdia-(BPs) in diagnosing hypertension or assessing its control.
Methods. Seventy patients [77% African American, 46% lytic BP. Some studies find that predialysis BP is more
females, mean age 59 17 (SD) years, 34% diabetics] on chronic important [9, 10], while others showed that postdialysis
HD underwent a single 44-hour interdialytic ambulatory blood [11], combination of the two [12], or even 20-minute post-pressure monitoring (ABPM) and concomitant recording of BP
dialysis BP [13] are the most valuable in predicting ambu-by conventional syphygmomanometer in the HD unit for two
latory BP. Reviews by Mailloux, Levey and Haley con-weeks. Hypertension was defined as systolic BP (SBP) 135
mm Hg or diastolic BP (DBP) 85 mm Hg on an average 44- clude that “all blood pressures are important” [8], but
hour ABPM. “in fact, the most propitious BP to use has never been
Results. Average ABP was 144  22/81  11 mm Hg. Sev- identified” [14]. The conflicting literature confuses theenty-three percent of the patients had systolic hypertension;
practicing nephrologist as to which BP to treat: predial-40% had diastolic hypertension, and 24% were normotensive
ysis, postdialysis, or a combination of the two. Our studyor had well-controlled BP. Area under the curve of receiver
operating characteristic (ROC) curves exceeded 80% for all asked the questions: which BP values are most represen-
BPs, but the thresholds for best sensitivity and specificity were tative of presence or absence/control of hypertension in
markedly different for predialysis and postdialysis BPs. A two- chronic HD patients and how well can ambulatory BPweek averaged predialysis BP of150/85 mm Hg or a postdial-
be predicted by using pre- and post-HD BP values?ysis BP of 130/75 mm Hg had at least 80% sensitivity in diag-
nosing hypertension. Specificity of at least 80% was achieved if
predialysis BP of160/90 mm Hg or postdialysis BP of140/80
METHODSmm Hg was used. There was poor agreement between HD
unit BP and ABP values. Subjects
Conclusions. HD unit BP values can be used to identify the
Seventy patients with end-stage renal disease (ESRD)presence or absence of hypertension, although prediction of
on chronic HD were selected from three dialysis unitsambulatory BPs from HD unit BP values cannot be made
reliably in individual patients. staffed by the faculty of Indiana University, Indianapolis
between November 1996 and February 2000. Ambula-
tory BP monitoring was performed either to judge the
Cardiovascular mortality in dialysis patients is approx- adequacy of hypertension control or to make a diagnosis
imately 9% per year, which is approximately 30 times of hypertension in those patients not taking an antihyper-
the risk in the general population [1]. Hypertension that tensive drug.
importantly contributes to these cardiovascular deaths Each patient was hemodialyzed three times weekly
[2] has long been recognized in hemodialysis (HD) pa- between 3.5 to 5.0 hours, using a dialysate containing
tients [3], but is poorly controlled [4–7], at least in part due 140 mEq/L sodium or more and bicarbonate bath. BP
the lack of clear guidelines for treatment [8]. A most vexing values before and after each dialysis were recorded using
an automated BP measuring device with the patient in
the sitting position. All patients recruited were dialyzed
Key words: ambulatory blood pressure monitoring, systolic blood pres-
either on the early morning (6 a.m.) or late morning shiftsure, diastolic blood pressure, cardiovascular death, risk factors in HD,
dialysis. (10 a.m.).
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Table 1. Demographic characteristics of the population studied
Patients on no Patients taking
Overall antihypertensives antihypertensives P
Number of subjects 70 30 40
Age years 5917 5414 5712 0.374
Number male 38 (54%) 17 (57%) 21 (52%) 0.729
Number African American 54 (77%) 23 (77%) 31 (78%) 0.778
Predialysis weight kg 7819.8 83.622.6 73.616.3 0.039
Post-dialysis weight kg 75.119.5 80.622.1 70.916.3 0.043
Duration on hemodialysis years 3.2 (1.8–7.3) 3.8 (2.1–10) 2.9 (1.5–5.2) 0.181
Hemoglobin g/dL 11.31.5 11.11.8 11.41.4 0.363
Albumin g/dL 3.80.4 3.80.3 3.80.4 0.758
Kt/V 1.50.3 1.560.26 1.410.28 0.143
Values represent medians and interquartile ranges.
during the night (10 p.m. to 6 a.m.) using a Spacelab RESULTS
90207 ABP monitor (SpaceLabs Medical Inc, Redmond, Demographic characteristics of the study population
WA, USA). Recordings began immediately after HD are presented in Table 1. Patients taking antihyperten-
and terminated immediately before the next dialysis. sives were well matched to those not taking antihyperten-
Ambulatory BP values were never recorded over the sives except those taking no medications were on average
weekend. Data were analyzed using ABP Report Man- 10 kg heavier. The etiologies of end-stage renal disease
agement System software, version 1.03.05 (SpaceLabs (ESRD) were hypertension in 29 (41%), diabetes melli-
Medical Inc.). Ambulatory BP and heart rates were aver- tus in 24 (34%), glomerulonephritis in 11 (16%), adult
aged over the entire course of recording, as well as sepa- polycystic kidney disease in 2 (3%), and other causes in
rately during the day and during the night. BP thresholds the remaining 4 (6%) patients. Of the 40 patients who
were 135/85 mm Hg; that is, average recordings at or were receiving antihypertensive agents 15 (38%) were
over these levels were classified as hypertension [15]. on dihydropyridine calcium-channel blockers, 5 (13%)
on non-dihydropyridine calcium-channel blockers, 27Analysis
(68%) on  blockers, 5 (13%) on  blockers, 9 (23%) on
The distribution of study variables was examined with clonidine, 13 (33%) on angiotensin-converting enzyme
standard exploratory analytical techniques for indepen- (ACE) inhibitors, 2 (5%) on angiotensin II receptor
dent subjects. Predialysis and post-dialysis BPs were av- antagonists, and 3 (8%) on minoxidil.
eraged over the two weeks of study and used to predict Based on ambulatory BP monitoring, systolic hyper-
hypertension as defined in the last section by ambulatory tension was present in 51 patients (73%), diastolic hyper-
BP recordings over 44 hours. Mean  SD are presented
tension in 28 (40%), and overall hypertension in 53 (76%).
throughout. The mean difference (bias) and the limits
Isolated diastolic hypertension was seen in only 3% ofof agreement (2 SD) between ambulatory BP and pre-
the patients (Fig. 1). In patients taking no antihyperten-dialysis and post-dialysis BP were calculated using
sives, systolic hypertension was present in 15 (50%),Bland-Altman plots [16].
diastolic hypertension in 7 (23%), and overall hyperten-Sensitivity and specificity of predialysis and post-dial-
sion in 16 (53%). In patients taking antihypertensives,ysis SBP and DBP were calculated for various cut-off
systolic hypertension was present in 36 (90%), diastolicBP values to generate receiver-operating characteristic
hypertension in 21 (53%), and overall hypertension in(ROC) curves, including area under the curve (AUC)
37 (93%). Thus, the proportion of patients who had hyper-and their 95% confidence intervals (CI) using SPSS Soft-
tension was significantly higher in those taking antihyper-ware version 10.0.7 (SPSS Inc., Chicago, IL, USA). Lo-
tensive compared with those who were not (P  0.001gistic regression was performed with presence or absence
for overall and systolic BP, P  0.014 for diastolic BP).of hypertension on ABPM as the dependent variable
Details of day and night BP and routine dialysis unitand predialysis and post-dialysis systolic and diastolic
BPs are presented in Table 2. Average time of recordingsBP values as univariate variables. The model was fitted
was 39  10 hours and number of BP measurementsby the least-squares method, using a combination of Ro-
87  30. When data were analyzed after stratificationsenbrock and Quasi-Newton convergence. Residual
for antihypertensive drug use, there was a higher BPanalysis was carried out to assure normal distribution of
but slower pulse rate in those patients who were takingresiduals. The P values are two sided and are taken
antihypertensive agents. Overall, there was no statisticalto be significant at 0.05. The statistical analyses were
change in systolic BP from day to night. There was aconducted with Statistica for Windows, Release 5.5 (Stat-
Soft, Inc., Tulsa, OK, USA). small but significant drop at night in diastolic BP of 2.5 
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Fig. 1. Distribution of ambulatory systolic and
diastolic hypertension in the study population.
The four quadrants represent the classification
of hypertension.
5.9 mm Hg (P  0.001) and heart rate 2.9  5.5 bpm mm Hg). Post-dialysis BPs were not biased, but had as
(P  0.001). However, when antihypertensive drug use wide limits of agreement as the predialysis BPs.
was accounted for, there was a greater magnitude of Table 4 shows the results of the logistic regression analy-
drop in night systolic BP and night heart rate when pa- sis. Again, in univariate tests, each of the dialysis unit BPs
tients were not taking antihypertensive drugs. Thus, pa- emerged as significant predictors of hypertension. Based
tients taking antihypertensives were challenged with a on the logistic coefficients, the likelihood of hypertension
higher pressure stress both during day and night. for various cut-off BPs is shown in Table 5.
Figure 2 shows the ROC analysis, and Table 3 shows
the sensitivities (true positive rates) and 1 specificities
DISCUSSION(false positive rates) of dialysis unit BPs. Data shown
There is an absence of universally accepted criteriaare missing three patients because simultaneous HD unit
for the diagnosis of hypertension in HD patients. ThisBPs were not available for analysis. As can be seen in
stems from the large change in BP from pre-HD to post-Table 3, the area under the curve of the ROC curve was
HD, which makes it hard to predict the usual BP in thesegreater than 0.80 for all BPs. However, the BPs used to
patients. To circumvent this problem, we used 44-hourdefine these cut-offs were markedly different between
interdialytic ambulatory BP monitoring as a gold stan-the predialysis and post-dialysis BP values. Systolic BPs
dard to predict hypertension in HD. Our study found aassociated with 80% sensitivity in diagnosing systolic
high prevalence of untreated hypertension and an evenhypertension were 150 mm Hg predialysis but only
higher prevalence of uncontrolled hypertension in the130 mm Hg post-dialysis. Systolic BPs associated with
HD population, similar to earlier studies [4, 5, 17]. The80% specificity were 10 mm Hg higher, respectively.
Core Indicators Project reported a 53%/17% prevalenceSimilarly, diastolic BPs associated with80% sensitivity
of systolic/diastolic hypertension using a cut-off of 150/90in diagnosing diastolic hypertension were 85 and 75
mm Hg [18]. Using the same analysis for our data, thatmm Hg predialysis and post-dialysis, respectively. Dia-
is, using the same cut-off and predialysis BP values, westolic BP values associated with 80% specificity were
obtained a prevalence of 67%/39%, which although5 mm Hg higher, respectively.
higher than seen in the Core Indicators Project, is veryThe Bland-Altman analysis is shown in Figure 3. The
similar to the 73%/40% prevalence seen by ambulatoryaverage of the BPs is plotted against the difference and
BP monitoring. Thus, our findings support the use ofthe average difference (bias, shown by the horizontal
such cut-off values.solid line) and the limits of agreement (2 SD, shown
Our data show that isolated diastolic hypertension isby the horizontal broken line) calculated. The predialysis
uncommon. Systolic hypertension is very common and,BPs were significantly biased. The mean difference be-
despite use of two antihypertensive agents, on average,tween predialysis SBP and ambulatory SBP was 13.5
is uncontrolled in the large majority of patients on drugmm Hg (95% CI, 9.3, 17.7 mm Hg), while the predialysis
DBP difference was 3.8 mm Hg (95% CI, 1.5, 6.0 therapy. Our results are concordant with the report of
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Cannella and associates, who found a high prevalence
of undertreatment and under-recognition of hyperten-
sion in the HD population that resulted in left ventricular
hypertrophy in 46 of 55 patients studied [17]. These find-
ing suggest that better therapies are needed to control
hypertension in the hemodialysis population.
Numerous studies have addressed the question of
which BP is most representative of the interdialytic BP
[8, 14]. Some find that predialysis BP values are more
important [9, 10], while others prefer post-dialysis [11],
a combination of the two [12], or even a 20-minute post-
dialysis reading [13]. We used the ROC analysis to plot
the true positive rate against the false positive rate. A
worthless test would fall along the diagonal line; that is,
the false positive rate would increase with a true positive
rate. An ideal test would have 100% sensitivity and 100%
specificity (or 0% 1  Sensitivity) for a given result.
Area under the curve of ROC curves of 80% or more
for any BP strongly supports the observations of Mail-
loux and Levey that “all blood pressures are important”
[8]. However, it is important to bear in mind that the
cut-off values to diagnose hypertension in HD patients
were different for predialysis and postdialysis BPs. Thus,
predialysis BP values that were sensitive or specific in
diagnosing hypertension were at least 20 mm Hg higher
for post-dialysis systolic BPs and 10 mm Hg higher for
diastolic BPs.
Our data show that pre-HD BP values were biased
estimates of ABP, in that they consistently overestimated
ABP. This may be due to several reasons, for example,
the volume overload that occurs during the intervening
inter-dialysis interval and then the rapid rise in BP that
occurs just prior to dialysis [11, 13]. In contrast, post-
HD BPs were not biased. Although the ROC analysis
demonstrated an excellent performance of all BPs, the
Bland-Altman analysis, which is an analysis of agree-
ment, showed that there was poor agreement between
ambulatory BPs and HD unit BPs. The limits of agree-
ment (2 SD) were approximately 35 and 20 mm Hg for
systolic and diastolic BPs regardless of predialysis or
postdialysis times. We interpret our data to mean that,
although HD unit BPs can be used to detect the presence
or absence of hypertension, the overall BP is difficult to
predict reliably in a given patient.
Dipping was impaired in those patients receiving anti-
hypertensive drugs. Non-dipping has long being recog-
nized in the HD population [8, 11] and in our study was
more pronounced in those on antihypertensive drugs
compared to those on no antihypertensives. The cause
for non-dipping is unclear and may be related to sympa-
thetic activation, volume overload, increased arterial
wall stiffness [19], or a combination of these factors. Our
results are consistent with observations of Kooman et al,
who found that a nocturnal dip was inversely related to
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Fig. 2. Receiver operating characteristic (ROC)
curve of hemodialysis (HD)-unit blood pres-
sures and the presence or absence of hyperten-
sion as defined by ambulatory blood pressure
monitoring. (A) Systolic blood pressure (BP);
(B) diastolic BP. Symbols are: () pre-HD;
() post-HD. The diagonal straight line at 45	
indicates a hypothetical test with no predictive
value. The area under the curve (AUC) for
each of the curves was at least 80%. Sensitivi-
ties and specificities for each BP value and the
AUCs are shown in Table 3.
Table 3. Receiver operating characteristic (ROC) curve analysis and sensitivities and specificities of predialysis and post-dialysis blood
pressures in diagnosing hypertension
Pre-hemodialysis Post-hemodialysis
Sensitivity 1 – Specificity Sensitivity 1 – Specificity
(true positive rate) (false positive rate) (true positive rate) (false positive rate)
Systolic BP mm Hg
120 1.0 0.889 0.959 0.778
130 1.0 0.722 0.816 0.556
140 0.918 0.556 0.694 0.222
150 0.816 0.333 0.449 0
160 0.653 0.167 0.265 0
170 0.429 0.111 0.204 0
180 0.224 0 0.122 0
190 0.143 0 0.061 0
AUC (95% CI) 0.811 (0.696, 0.925) P0.001 0.802 (0.697, 0.906) P0.001
Diastolic BP mm Hg
65 1 1 1 0.976
70 1 0.927 0.962 0.683
75 0.962 0.707 0.885 0.512
80 0.962 0.585 0.769 0.195
85 0.808 0.390 0.538 0.122
90 0.769 0.171 0.385 0.024
95 0.423 0.049 0.192 0
100 0.192 0 0.115 0
AUC (95% CI) 0.835 (0.735, 0.936) P0.001 0.841 (0.740, 0.942) P0.001
AUC is area under the curve.
Given the previously mentioned findings, the obvious a 17/11 mm Hg fall in ambulatory BP with supervised
atenolol therapy also demonstrated a concomitant im-question that emerges is as follows: Can HD-unit BPs
be used to make patient management decisions? In many provement in HD-unit predialysis BP [20]. Whether
smaller changes in BP will be detectable with HD-unitrespects, HD-unit BP values are to ABP monitoring as
serum creatinine concentration is to glomerular filtration BP monitoring is debatable but doubtful.
The goal of treatment of hypertension is to reducerate (GFR). Just like an elevated serum creatinine indi-
cates an impaired GFR but cannot accurately predict the cardiovascular morbidity and mortality. Recently, sub-
stantial controversy has been generated from studies inGFR, using HD-unit BP can indicate the presence or ab-
sence of hypertension but cannot accurately predict the hemodialysis patients that suggest that higher systolic
blood pressures are associated with better survival [21].ambulatory BP. A change in serum creatinine concentra-
tion indicates a change in GFR, although the GFR may Zager et al followed 5433 hemodialysis patients over a
mean duration of 2.6 1.5 years to discover the associa-change without a detectable change in serum creatinine.
Although this was not a subject of study in our present tion between baseline BP and subsequent outcomes [21].
They reported that the average BP over the first 90 daysanalysis, changes in HD-unit BP can reflect changes in
ambulatory BP. For example, our earlier study that showed of dialysis (fixed covariate) predicted a 64% higher death
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Fig. 3. Bland-Altman plots for HD unit BPs and ambulatory BPs. The horizontal line is the average difference between the two tests and the
dotted line is 2 SD of the difference (agreement limits). There was poor agreement between the two tests.
Table 4. Results of logistic regression for predicting hypertension
Odds ratio
Standard Standard per mm Hg
B0 error of B0 P B1 error of B1 P change in BP
Pre-SBP 10.01 3.14 0.002 0.0717 0.0207 0.001 1.074
Pre-DBP 15.28 3.97 0.001 0.1706 0.0449 0.001 1.186
Post-SBP 9.29 3.10 0.003 0.0745 0.0230 0.002 1.077
Post-DBP 14.21 3.53 0.001 0.173 0.0441 0.001 1.189
Pre/Post-SBP was used to diagnose systolic hypertension and Pre/Post-DBP was used to diagnose diastolic hypertension.
rate from all causes in 93 patients with a predialysis
systolic BP of 110 mm Hg. These patients had a four-
fold increase in risk ratio of cardiovascular death versusTable 5. Hemodialysis unit plood pressures associated with 10%,
patients with predialysis systolic BP of 140 to 149 mm Hg,25%, 50%, 75% and 90% chance of hypertension
which probably reflects underlying heart failure and ath-
Likelihood of
erosclerotic disease in these patients [22], covariates thathypertension 10% 25% 50% 75% 90%
were not reported. If the BP was treated as a time-Pre-SBP 109 124 140 155 171
varying covariate; that is, when BP was averaged overPre-DBP 77 83 90 96 102
Post-SBP 95 110 125 140 155 a calendar quarter and used to predict death over the
Post-DBP 69 76 82 88 95 subsequent quarter, higher systolic BP values were found
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to be protective. This may have occurred because of fore and after dialysis, were found to be useful to predict
falling BP due to heart failure, malnutrition, or inflam- hypertension. Sensitivity and specificity of 80% or more
mation and not because of baseline hypertension per se. were achieved with a pre-HD BP of 150/85 mm Hg and
Thus, those patients who did not have these characteris- 160/90 mm Hg, respectively. Post-HD BP values were
tics and therefore higher BP were protected. Neverthe- 20/10 mm Hg lower to give the same sensitivity and
less, those with the higher post-dialysis systolic BP were specificity. Because of a wide range of limits of agree-
at a higher risk of all-cause mortality compared with the ment, the absolute level of ambulatory BP cannot be
reference group. Of note, age-adjusted relative death predicted with confidence from HD unit BP measure-
rates were reduced 28% in patients taking antihyperten- ments. The results of our study may help physicians to
sive medications. Port et al reported mortality risk as formulate BP thresholds for predicting hypertension in
a function of predialysis and post-dialysis BP in 4499 chronic HD patients.
hemodialysis patients who were on dialysis for at least
Reprint requests to Rajiv Agarwal, M.D., Department of Medicine,one year and were followed for 12 to 29 months [23]. Indiana University and VAMC, 1481 West 10th Street, Indianapolis,
A U-shaped relationship emerged between post-dialysis Indiana 46202, USA.
E-mail: ragarwal@iupui.edusystolic BP and mortality. There was no relationship
between predialysis systolic BP and mortality. The above
REFERENCESresults that show little or weak relationships between
BP and outcomes may be explained at least in part by 1. Levey AS: Controlling the epidemic of cardiovascular disease in
chronic renal disease: Where do we start? Am J Kidney Disthe large error between BP in dialysis units and those
32(Suppl 3):S5–S13, 1998recorded by ambulatory BP monitors. Another impor-
2. Zager P, Nikolic J, Raj DS, et al: Hypertension in end-stage renal
tant limitation of the above studies is the short follow- disease patients. Curr Opin Nephrol Hypertens 9:279–283, 2000
up. Mazzuchi, Carbonell and Fernandez-Cean, who fol- 3. Abella R, Blondeel NJ, Roguska J, et al: Periodic dialysis in
terminal uremia. JAMA 199:362–368, 1967lowed dialysis patients over a longer term, found a low
4. Salem MM: Hypertension in the hemodialysis population: A sur-frequency of early cardiac deaths and high association vey of 649 patients. Am J Kidney Dis 26:461–468, 1995
between late cardiac deaths and baseline BP [24]. Our 5. Cheigh JS, Milite C, Sullivan JF, et al: Hypertension is not
adequately controlled in hemodialysis patients. Am J Kidney Disown small single-center study suggests that long-term
19:453–459, 1992BP control is possible and may reduce cardiovascular
6. Erturk S, Ertug AE, Ates K, et al: Relationship of ambulatory
mortality [25]. Prospective randomized trials will be re- blood pressure monitoring data to echocardiographic findings in
haemodialysis patients. Nephrol Dial Transplant 11:2050–2054, 1996quired using ambulatory blood pressure monitoring and
7. Goldsmith DJ, Covic AC, Venning MC, Ackrill P: Ambulatoryevaluation of cardiac function before optimal BP targets
blood pressure monitoring in renal dialysis and transplant patients.
can be defined in hemodialysis patients. Am J Kidney Dis 29:593–600, 1997
8. Mailloux LU, Levey AS: Hypertension in patients with chronicSome guidelines may be generated based on our data.
renal disease. Am J Kidney Dis 32(Suppl 3):S120–S141, 1998If the danger of uncontrolled hypertension is high, such
9. Agarwal R: Role of home blood pressure monitoring in hemodial-as in patients with diabetes, predialysis BP of 150/85 ysis patients. Am J Kidney Dis 33:682–687, 1999
mm Hg or a postdialysis BP of 130/75 mm Hg can be 10. Conlon PJ, Walshe JJ, Heinle SK, et al: Predialysis systolic blood
pressure correlates strongly with mean 24-hour systolic blood pres-used as thresholds because they have at least an 80%
sure and left ventricular mass in stable hemodialysis patients. J Amsensitivity to diagnose hypertension. When the likeli- Soc Nephrol 7:2658–2663, 1996
hood of false positives needs to be minimized, thresholds 11. Kooman JP, Gladziwa U, Bocker G, et al: Blood pressure during
the interdialytic period in haemodialysis patients: Estimation offor diagnosing hypertension can be increased by 10/5
representative blood pressure values. Nephrol Dial Transplantmm Hg. In other words, a predialysis BP of 160/90
7:917–923, 1992
mm Hg or post-dialysis BP of 140/80 mm Hg can be 12. Coomer RW, Schulman G, Breyer JA, Shyr Y: Ambulatory blood
pressure monitoring in dialysis patients and estimation of meanused as thresholds for diagnosing hypertension because
interdialytic blood pressure. Am J Kidney Dis 29:678–684, 1997they have a specificity of at least 80%. Based on the
13. Mitra S, Chandna SM, Farrington K: What is hypertension in
results of the logistic regression analysis, Table 5 displays chronic haemodialysis? The role of interdialytic blood pressure
a range of probabilities of systolic and diastolic hyperten- monitoring. Nephrol Dial Transplant 14:2915–2921, 1999
14. Mailloux LU, Haley WE: Hypertension in the ESRD patient:sion with cut-off systolic and diastolic BP values. These
Pathophysiology, therapy, outcomes and future directions. Am Jvalues could further help the practicing physician decide Kidney Dis 32:705–719, 1998
which patient to treat for HD hypertension. Based on 15. Anonymous: The Sixth Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Bloodthe results of epidemiological studies, post-dialysis BP
Pressure. NIH Publication No. 98-4080:1-68, 1997may need to be given greater importance [21, 23].
16. Bland JM, Altman DG: Statistical methods for assessing agree-
In summary, our study found a high prevalence of ment between two methods of clinical measurement. Lancet 1:307–
310, 1986both untreated hypertension and uncontrolled hyperten-
17. Cannella G, Paoletti E, Ravera G, et al: Inadequate diagnosission in the HD population. A lack of nocturnal dipping
and therapy of arterial hypertension as causes of left ventricular
was more pronounced in those patients on antihyperten- hypertrophy in uremic dialysis patients. Kidney Int 58:260–268, 2000
18. HCFA-1995: 1995 Annual Report. ESRD Core Indicators Project.sive medications. HD unit BP measurements, both be-
Agarwal et al: ROC analysis of hemodialysis BP 1989
Opportunities to Improve Care for Adult In-Center Hemodialysis 22. Foley RN, Parfrey PS: Risk factors for cardiac morbidity and
mortality in dialysis patients. Curr Opin Nephrol Hypertens 3:608–Patients. Baltimore, Health Care Financing Administration, De-
partment of Health and Human Services, 1996 614, 1994
23. Port FK, Hulbert-Shearon TE, Wolfe RA, et al: Predialysis19. Amar J, Vernier I, Rossignol E, et al: Influence of nycthemeral
blood pressure pattern in treated hypertensive patients on hemodi- blood pressure and mortality risk in a national sample of mainte-
nance hemodialysis patients. Am J Kidney Dis 33:507–517, 1999alysis. Kidney Int 51:1863–1866, 1997
20. Agarwal R: Supervised atenolol therapy in management of hemo- 24. Mazzuchi N, Carbonell E, Fernandez-Cean J: Importance of
blood pressure control in hemodialysis patient survival. Kidney Intdialysis hypertension. Kidney Int 55:1528–1535, 1999
21. Zager PG, Nikolic J, Brown RH, et al: “U” curve association of 58:2147–2154, 2000
25. Agarwal R: Strategies and feasibility of hypertension control inblood pressure and mortality in hemodialysis patients: Medical
Directors of Dialysis Clinic, Inc. Kidney Int 54:561–569, 1998 prevalent hemodialysis cohort. Clin Nephrol 53:344–353, 2000
